Introduction: Idiopathic Scoliosis (IS) is an idiopathic curvature of the spine in all three plans, been treated conservatively (non-invasive) or surgicaly (invasive). The effectiveness of noninvasive therapy still remains lacking in a scientific basis to support their evidence-based applicability. Objective: Evaluate the effects of non-invasive interventions in spine lateral inclination in IS through a systematic literature review. Methods: The search of studies in MEDLINE, SCOPUS and COCHRANE databases was performed on 24th March, 2014. The terms used were: Scoliosis, therapeutic exercise, physical therapy. Clinical trials with scoliotic patients undergoing some type of non-invasive intervention were included. The outcome was spine lateral inclination. Results: The research found 941 studies, seven of these were included after a screening performed by two independent reviewers. Six studies (85.7%) have adopted some sort of kinesiotherapeutic technic, and three studies (42.8%) used corrective orthosis. The average intervention time in kinesiotherapeutic technique studies was of 37.6 weeks and 91.6 weeks in the studies of corrective brace. The progression improvement of the spine lateral inclination was reported by 83.3% (5 of 6) of the kinesiotherapeutic technique studies and in 66.6% (2 of 3) of studies with corrective brace. Conclusion: An improvement was found, in general, in the progression of spine lateral inclination in IS subjects of both sexes from 11 to 25 years of age undergoing non-invasive interventions.
Introduction
Idiopathic Scoliosis (IS) is an idiopathic curvature of the spine in the three planes (frontal, sagittal and transverse), with a greater component of lateral deviation of at least 10° (1, 2) . From unknown etiology (3) , it has a prevalence of 2 to 3% in adolescents (4, 5) , representing 30% of all cases of postural deviations (1) . It affects more females in a ratio of 4:1 in curves greater than 10°, and in the ratio of 5:1 in curves higher than 30° (6) .
The IS can affect the social sphere, limiting job opportunities, social isolation and lower marriage rates (7), moreover interferes negatively on self image (8, 9) and stress level (10) . IS progression can result in back pain, reduced mobility and lung function (11) , postural stability deficit (12 -14) , muscle force imbalance (15, 16) , altered electromyographic activity (17) , increased risk of lumbar and thoracic pain and degenerative diseases of the intervertebral disc (18, 19) .
IS can be treated both conservatively in a non-invasively intervention, as well as by invasive surgical intervention. In curvatures up to 25° the treatment is observational, with periodic radiological exams. Above 25° corrective braces are used for the treatment of IE. Surgical interventions, in turn, are recommended in cases of bone immaturity with curves of 40° to 45°, or of bone maturity with curves greater than 50° (20, 21) . Conservative interventions for treatment of IS include kinesiotherapeutic techniques, corrective orthoses, electrical stimulation, manual therapy, acupuncture, foot orthosis, traction and observation (5, 22 -30) .
The use of corrective orthoses in the treatment of IE has controversial reports in the literature and its effectiveness is not well established yet (5, 22, 31) . Although some studies have demonstrated positive effects on IE (23, 32) , several authors point out the need of trials with greater methodological robustness to quantify the efficacy of corrective orthoses in this postural deviation (5, 31, 32) . Similarly, the benefits of kinesiotherapeutic techniques in the treatment of IE are not well defined too (5, 25) . Authors stand up for better methodological quality studies (23, 25) in order to properly evaluate the effects of physical exercise treatment on IE.
Considering the absence, in the literature, of proper effects' studies about non-invasive conservative treatment on the progression of IE, clinical trial data survey of the area are justified. Therefore the aim of this study was to evaluate the effects of non-invasive interventions on the spine lateral inclination in IS through a systematic review of the literature.
Methods
Clinical studies were icluded along with original data about scoliotic subjects submitted to some type of noninvasive intervention, in comparision to a control group or another type of intervention. The outcome was a lateral spine inclination. Studies without a control or a comparator group, in languages other than English or Portuguese, that did not present the outcome of interest, which reported data from another study, or have subjects with comorbidities were all excluded.
The studies search was carried out in the following databases: MEDLINE (accessed via PubMed), SCOPUS and COCHRANE. In addition manual search was done based on the references of the studies found through the databases. The search was conducted on 24th March, 2014, with the following terms in English: "scoliosis", "exercise therapy", "physiotherapy", "physical therapy". The complete search strategy used for PubMed can be seen in Table 1 . The titles and abstracts of all studies found were independently assessed by two reviewers. Those studies which did not provide sufficient information for the inclusion and exclusion criteria were selected for full text reading. In this second stage, the reviewers independently assessed the studies and selected those who met the eligibility criteria. Disagreements among reviewers were resolved by consensus.
The methodological quality of each study was assessed using the PEDro scale. The PEDro scale considers 10 distinct items, scoring 1 point for each item contemplated by the study. The evaluated items are: 1) If the subjects were randomly assigned to groups; 2) If the subjects distribution was blind; 3) If, initially, the groups were similar of the most important prognostic indicators; 4) If all subjects blindly participated in the study; 5) If all the physical therapists who administered the therapies have done them blindly aswell; 6) If all the evaluators who measured at least one key result did it blindly too; 7) If measurements of at least one key result were obtained in more than 85% of the subjects initially distributed by the groups; 8) If all the subjects received the treatment or control condition, or were analyzed by an intention to treat when appropriate; 9) If a statistical intergroup comparison was performed; 10) If the study presents precision and variability measurements. Those studies without a clear description of the methodological criteria did not receive the score for such items.
Results
The initial databases search resulted in 941 studies. Of these, 11 were excluded because they were duplicated, 908 excluded because they did not fit into the subject of interest after reading the title and/or the abstract. What left 31 studies, of which 08 were excluded for been written in Polish, and 06 due to the impossibility of obtaining the original article. Of the 23 studies selected for reading the full text, 15 were excluded because they did not include control or comparator group; 01 because it was a case study and 01 because it conttained a post-surgical intervention. Finally 07 studies were included in this review analysis. Figure 1 shows the flowchart of the included studies and Table 2 summarizes the characteristics of these studies. Of the 07 studies included, 06 (85.7%) have adopted some kind of kinesiotherapeutic technique in its methodology, while 03 (42.9%) evaluated the results of an intervention with the use of some type of corrective brace. All studies had female sample, and 05 (71.4%) also included male sample. The age group remained between 11.4 and 25 years, of the total of 388 subjects investigated in the studies.
The studies with some kinesiotherapeutic technique had a minimum intervention time of 04 weeks and maximum of two years (mean 37.6 weeks), while studies with corrective brace had a minimum intervention of 08 months reaching up to 02 years (mean 91.6 weeks). Among the 16 different types of interventions, 13 used some kinesiotherapeutic technique and in 08 some corrective brace was used.
Regarding the outcomes in the studies with kinesiotherapeutic technique, 83.3% (05 of 06) of the studies showed a reduction in spine lateral inclination. With the use of Pilates, Araujo et al. In studies that used some type of corrective brace for treatment of IS, 66.6% (two of three) reported improvement in progression of spine lateral inclination. Gammon et al. (35) found a little increase in Cobb angle of 6.7° in patients with SpineCor brace and an increase of 4.8° in subjects with thoracolumbosacral orthoses. Negrini et al (37) found a statistically significant reduction (p < 0.05) of Cobb angle only in the groups wich associated the use of corrective braces (18, 21 or 23 hours per day) to kinesiotherapy -except the group that used the Risser brace. Zaina et al. (39) showed an improvement (> 5°) or stabilization of spine lateral inclination from 78.6% and 80% of patients treated with SpineCor brace for 20 hours/day in distint samples, and 82% of the subjects using SPoRT brace for 18 -23h/day. The analysis of the results from this last study can not be fully performed, since the authors did not provide the absolute values of spine lateral inclination in pre and post intervention moments.
Regarding the methodological quality of the studies (Table 3) , evaluated by the PEDro scale, the highest score obtained was of seven points by the study of de Araújo et al. (40) . The study of Diab (41) 
Discussion
The studies which presented a statistically significant reduction of the spine lateral inclination on the IS were those with exclusively composed of kinesiotherapeutic techniques treatments (40 ,41, 36, 42) or associating kinesiotherapy with the use of corrective orthosis (37) . Comparisons between absolute values or percentage of the reduction of the spine lateral inclination and the studies are difficult, due to the heterogeneity of spine lateral inclination initial values in the study samples, ranging from 7.1 ± 2.8° (40) to 34, 5 ± 3.9° (37) .
However, the group that achieved a greater reduction in absolute value of the curvature was the corrective brace 21h/day associated with exercise from the Negrini et al. study (37) , reaching a reduction of 7.5 ± 6.4° (p < 0,05) of Cobb angle. This fact may have occurred due to the long treatment period (4.2 ± 1.4 years), the largest of all the studies included in this review. It can still be explained by the association of different therapeutic techniques: combining the postural corrective forces of brace used for an extended period daily, with the effects of strengthening exercises, mobilization and increased range of motion.
From the studies that evaluated the effects of a kinesiotherapeutic technique on IS, 83.3% found a decrease in the curve; while only the conventional phyisical therapy group of Negrini et al. (36) obtained an increase of the Cobb angle of 1.38° (p < 0.05). Among the studies with corrective brace, 66.7% showed or a reduction of the curve magnitude or a higher rate of subjects with improvement or stabilization of the curve; meanwhile only Gammon et et al. (35) detected an increase in the Cobb angle after intervention. It is noteworthy that the study of Gammon et al. (35) was the only one that did not use any kinesiotherapeutic technique in any of its treatment groups.
Concerning the duration time of interventions, it is clear that, in general, studies with treatments based on kinesiotherapeutic techniques (37.6 weeks) had shorter duration of intervention than studies with corrective braces (91.6 weeks). This temporal discrepancy of follow-up from the subjects being treated may influence the analyzed outcomes, mainly due to the progressive characteristics of the scoliotic curvatures (43) .
Despite the use of kinesiotherapy, the movement practices were diverse among the studies, being: Pilates method (40), muscle stretching and strengthening (41) , postural correction (41), self corrective exercises (36, 39, 37) , conventional physical therapy (36) and active exercises (37, 42) . Such technique diversity makes it difficult to summarize the results together.
The studies performed 16 different types of intervention, demonstrating a heterogeneity in the therapeutic conduct adopted in the treatment of IS. Considering that only one study did not include any type of kinesiotherapeutic intervention, one can perceive a considerable interest in the outcomes resulting from this practice on IS.
As to the methodological quality of the included studies, 07 articles have obtained an average of 4.42 on the PEDro scale. A lack of protocols standardization and techniques in studies with kinesiotherapy is percieved. Even when referring to the use of physical therapy, the studies in general present precarious details of the exercises and periodization strategies.
These methodological characteristics and design diversity among the studies should be considered during the interpretation and summarization of the results. Therefore, it is suggested the future realization of clinical trials with greater internal validity (randomized and secret allocation, initially homogeneous groups, blinding, evaluation of all subjects) and greater statistical robustness (intergroup comparisons, and presentation of precision and variability data).
This systematic review has some methodological characteristics that enhace its evidence level, among them: formulation of a delimited research problem, a broad and reproducible search in different databases, clearly defined eligibility criteria, and independent studies evaluated by two reviewers. The studies results analysis should be done with some caution, considering the wide variety of protocols presented with 16 different types of interventions performed.
Therefore the most effective noninvasive interventions to improve the spine lateral inclination in IS were those that associated daily use of a corrective brace with physical exercises to strengthen, mobilize and improve the range of motion, or that which used only kinesiotherapeutic techniques. In this way, it is assumed that the corrective forces of the continuous use of the braces are optimized by the postural musculature training, muscle flexibility improvement and voluntary correction of the posture.
Conclusion
This systematic review demonstrates a general improvement in the progression of spine lateral inclination on IS of female and male subjects from 11 to 25 years of age submitted to interventions with kinesiotherapeutic techniques and/or corrective braces. The treatment associating kinesiotherapeutic techniques with corrective brace had the highest absolute reduction of spine lateral inclination.
These results however should be interpreted with caution, considering the methodological quality and differences in the studies intervention protocols. We suggest therefore the realization of more clinical trials with similar protocols of intervention and better methodological robustness.
